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(57) ABSTRACT

A mattress and a method of adjusting the pressure of a mat-
tress are provided. The method includes a first process of
measuring internal pressure before a user lies on a mattress
having at least two zones in which cells having a closed inner
space filled with fluid are formed, a second process of mea-
suring an increase in the internal pressure of each cell occur-
ring when the user lies on the mattress, and an average pres-
sure adjusting process of adjusting an amount of the fluid
introduced into each cell of the mattress based on a pressure
variation caused by a difference between the internal pressure
detected from each cell in the first process and the internal
pressure detected from each cell in the second process.
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1
MATTRESS AND METHOD OF ADJUSTING
PRESSURE OF MATTRESS

BACKGROUND

1. Technical Field

The present disclosure relates generally to a mattress and a
method of adjusting pressure of a mattress.

2. Discussion of Related Technology

A sleeping apparatus includes all things associated with
sleep such as a mattress, a pocket spring, a foundation unit, a
bed frame, a pillow, a mattress pad, and linen. That is, the
sleeping apparatus generally includes any types of sleeping
products having an influence on the sleep of a human being.
Such a sleeping apparatus is suitable for some persons but not
others. The sleeping apparatus suitable for many persons is
dependent on various factors such as physical attributes
(weight, height, physique dimensions, and weight distribu-
tion), a preferred sleeping pose, and a sleeping habit.

The factors having a great influence on the sleep of a person
are bearing pressure and comfort.

First, the sleeping apparatus maintains the person in a
proper pose so as to support the person, and uniformly dis-
tributes the weight of the person throughout a wide range
again, thereby relieving interface pressure. For example, the
mattress provides a bearing pressure based on a resistance
force of an internal spring which resists a force applied down-
ward by the weight of the person.

Second, the sleeping apparatus is configured so that a soft
material is disposed in a region that comes into contact with
the body of the person, thereby offering comfort to the body.
The sleeping apparatus may be manufactured in such a man-
ner that, for example, a firm pad and a firmer high-density
form are placed on the internal spring so as to provide various
levels of firmness or hardness to the mattress. Further, the
sleeping apparatus may be manufactured in such a manner
that a corrugated form or a low-density form, and a tender
fabric material such as wool, silk, or cassimere are placed on
the internal spring so as to provide various levels of softness
or a more comfortable feeling to the mattress.

Conventionally, in order to allow a user to be satisfied with
the aforementioned sleeping apparatus, a method of partly
changing the elastic force of the mattress so as to be able to
increase the comfort or of using a form for increasing the
comfort is used. However, this conventional method has a
limit in offering the bearing pressure and the comfort suitable
for the user.

SUMMARY

Accordingly, the present disclosure is directed to providing
a method and apparatus for adjusting the pressure of a mat-
tress, which is capable of adjusting pressure suitable for auser
to increase proper bearing force and comfort.

Further, the present disclosure is directed to providing a
method and apparatus for adjusting the pressure of a mattress,
in which cells made up of a plurality of air pockets are
adjusted so as to have different pressures for respective zones,
thereby allowing a user to increase satisfaction.

In addition, the present disclosure is directed to providing
a method and apparatus for adjusting the pressure of a mat-
tress, which measures internal pressure before a user lies on
the mattress in which closed cells are formed in respective
zones and increased internal pressure after the user lies on the
mattress, estimate weight of the user based on the measured
pressures, and adjust average pressure and partial pressure,
thereby allowing the user to increase satisfaction.
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2

An aspect of the invention provides a mattress, which may
comprise: a mattress body comprising a plurality of air com-
partments, which comprises a first air compartment and a
second air compartment; a plurality of conduits connected to
the plurality of air compartments and comprising a first con-
duit and a second conduit, the first conduit being in fluid
communication with the first air compartment, the second
conduit being in fluid communication with the second air
compartment; a valve system comprising a plurality of valve
ports connected to the plurality of conduits and comprising a
first valve port and a second valve port, the first valve port
being connected to the first conduit, the second valve port
being connected to the second conduit; an air pump con-
nected to the valve system and configured to supply air pres-
sure to the valve system; at least one air pressure sensor
configured to detect air pressure within the first and second air
compartments; and a controller configured to control the air
pump and further configured to control the valve system such
that the first valve port is turned open to supply air pressure
from the air pump to the first air compartment through the first
conduit while the second valve port is closed and further such
that the second valve port is turned open to supply air pressure
from the air pump to the second air compartment through the
second conduit while the first valve port is closed, whereby air
pressure within the first air compartment is adjusted differ-
ently from the air pressure within the second air compart-
ment.

In the foregoing mattress, the controller may be pro-
grammed to run an air pressure adjustment mode, wherein
when the air pressure adjustment mode is initiated, the con-
troller is configured to control the air pump, the valve system
and the at least one air pressure sensor: to obtain air pressures
of the first air compartment and the second air compartment
while no load is placed on the mattress; to obtain air pressures
of the first air compartment and the second air compartment
while a user is on the mattress; to set a first target air pressure
for the first air compartment and a second target air pressure
for the second air compartment based on the air pressures of
the first and second air compartments that were detected
when no load was placed on the mattress and further based on
the air pressures of the first and second air compartments that
were detected when the user was on the mattress; and to
individually pump the first and second air compartments to
cause the air pressure within the first and second air compart-
ments to reach the first and second targets, respectively.

Still in the foregoing mattress, the first target air pressure
may be determined based on a difference between the air
pressure of the first air compartment detected when no load
was placed on the mattress and the air pressure of the first air
compartment detected when the user was on the mattress and
further based on a reference value determined using the air
pressures of the plurality of air compartments that were
detected when the user was on the mattress. The reference
value may be indicative of a firmness level. The reference
value may be determined using the weight of the user. The
reference value may be determined using an average of the
differences between the air pressures of the plurality of air
compartments when the no load was on the mattress and the
air pressures of the plurality of air compartments when the
user was on the mattress. The controller may be configured to
control the air pump, the valve system and the at least one air
pressure sensor such that the plurality of compartments are in
fluid communication with each other, and further such that the
at least one air pressure sensor obtain an overall air pressure
of the plurality of compartments that are in fluid communi-



US 9,271,578 B2

3

cation with each other when the user was on the mattress,
wherein the reference value is determined using the overall
air pressure.

Yet in the foregoing mattress, the first air compartment may
be located under a first predetermined surface area of the
mattress that is mostly supporting the user’s butt or shoulder.
The first target air pressure may be determined based on a
difference between the air pressure of the second air compart-
ment detected when no load was placed on the mattress and
the air pressure of the first air compartment detected when the
user is on the mattress and further based on a reference value
computed using the air pressures of the plurality of air com-
partments that were detected when the user was on the mat-
tress. The first target air pressure may be computed further
based on a volume of the first compartment. The first air
compartment may be located under a first predetermined
surface area of the mattress that is mostly supporting the
user’s leg or head, wherein the second air compartment is
located under a second predetermined surface area of the
mattress that is mostly supporting the user’s shoulder or butt.
The valve system may comprise a plurality of valves, each of
which comprises one of the plurality of valve ports.

Another aspect of the invention provides a method of
adjusting air pressure of a mattress, which may comprise:
providing the foregoing mattress; obtaining air pressures of
the first air compartment and the second air compartment
while no load is placed on the mattress; obtaining air pres-
sures of the first air compartment and the second air compart-
ment while a user is on the mattress; setting a first target air
pressure for the first air compartment and a second target air
pressure for the second air compartment based on the air
pressures of the first and second air compartments that were
detected when no load was placed on the mattress and further
based on the air pressures of the first and second air compart-
ments that were detected when the user was on the mattress;
and individually pumping the first and second air compart-
ments to cause the air pressure within the first and second air
compartments to reach the first and second targets, respec-
tively.

In the foregoing method, setting may comprise determin-
ing the first target air pressure based on a difference between
the air pressure of the first air compartment detected when no
load was placed on the mattress and the air pressure of the first
air compartment detected when the user was on the mattress
and further based on a reference value determined using the
air pressures of the plurality of air compartments that were
detected when the user was on the mattress. Setting may
further comprise determining the reference value using an
average of the differences between the air pressures of the
plurality of air compartments when the no load was on the
mattress and the air pressures of the plurality of air compart-
ments when the user was on the mattress. The method may
further comprise: operating the valve system such that the
plurality of compartments that are in fluid communication
with each other; and obtaining an overall air pressure of the
plurality of compartments that are in fluid communication
with each other when the user is on the mattress, wherein the
reference value is determined using the overall air pressure.

Still in the foregoing method, the first air compartment may
be located under a first predetermined surface area of the
mattress that is mostly supporting the user’s butt or shoulder.
Setting may comprise determining the first target air pressure
based on a difference between the air pressure of the second
air compartment detected when no load was placed on the
mattress and the air pressure of the first air compartment
detected when the user was on the mattress and further based
on a reference value computed using the air pressures of the
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plurality of air compartments that were detected when the
user was on the mattress. The first target air pressure may be
determined further based on a volume of the first compart-
ment. The first air compartment may be located under a first
predetermined surface area of the mattress that is mostly
supporting the user’s leg or head, wherein the second air
compartment may be located under a second predetermined
surface area of the mattress that is mostly supporting the
user’s shoulder or butt.

A further aspect of the present invention provides a method
for adjusting the pressure of a mattress which includes a first
process of measuring internal pressure before a user lies on
the mattress having at least two zones in which cells having a
closed inner space filled with fluid are formed, a second
process of measuring an increase in the internal pressure of
each cell occurring when the user lies on the mattress, and an
average pressure adjusting process of adjusting an amount of
the fluid introduced into each cell of the mattress based on a
pressure variation caused by a difference between the internal
pressure measured for each cell in the first process and the
internal pressure measured for each cell in the second pro-
cess.

Here, the average pressure adjusting process may include
obtaining an average pressure variation of the pressure varia-
tions generated from the cells in the first process and in the
second process, and adjusting the internal pressures of the
cells having a structure in which a plurality of closed air
pockets communicate with narrow connecting passages.

Further, the average pressure variation may be calculated
by adding a value of the pressure increased in each cell in a
closed state after the user lies on the mattress in the second
process, and dividing the added pressure value by a number of
the zones in which the cells are formed.

Further, the average pressure variation may be calculated
by subtracting a value of the pressure, which is obtained in the
first process in which the internal pressure is measured before
the user lies with the cells closed, from a value of the pressure
measured in the second process in which the internal pressure
is measured after the user lies with the cells communicating
spatially.

In addition, the method may further include a partial pres-
sure adjusting process of additionally adjusting the pressure
for some of the cells after the average pressure adjusting
process.

Further, after the average pressure variation is calculated
by subtracting a value of the pressure, which is obtained in the
first process in which the internal pressure is measured before
the user lies with the cells closed, from a value of the pressure
measured in the second process in which the internal pressure
is measured after the user lies with the cells communicating
spatially, classes may be divided according to a category in
which a numerical value obtained by subtracting the pressure
value before the user lies and the average pressure variation
from the value of the internal pressure of the cell supporting
the buttocks of the user is included, and the buttock partial
pressure characteristic value may be determined by the
numerical value of the corresponding class.

The method may further include a feedback pressure
adjusting process of additionally adjusting the pressures by
request of the user after the partial pressure adjusting process.

Further, the feedback pressure adjusting process may
include adjusting en bloc the pressures of all the cells of the
mattress.

Further, the feedback pressure adjusting process may
include adjusting the cells supporting the shoulders and but-
tocks of the user of the mattress.
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Further, the feedback pressure adjusting process may
include detecting a voice signal of the user.

Moreover, the method may further include a bed adjust-
ment completion and bed adjusting value guiding process of
additionally adjusting the pressure to complete bed adjust-
ment of the mattress having bearing pressure per zone suit-
able for the user based on a value of the pressure or to guide
bed adjusting values.

Yet another aspect of the present invention provides an
apparatus for adjusting the pressure of a mattress, which
includes a mattress having at least two cells, each of which
forms a closed space filled with fluid, so as to support shoul-
ders and buttocks of the user, a hydraulic pump supplying the
fluid into the cells, a valve controlling the fluid supplied to
each cell, and a pressure sensor detecting pressure of the fluid
filled in each cell. The pressures before and after the user lies
on the mattress are detected by the pressure sensor, and the
pressure of the fluid supplied to each cell by the hydraulic
pump is adjusted according to a difference between the
detected pressures.

Here, the hydraulic pump and the cells of the mattress may
be connected by connecting pipes, and the valve may be
connected to the connecting pipes so as to control a flow. A
damper may be disposed between the connecting pipes and
the hydraulic pump.

Also, the pressure sensor may be installed in a feed pipe
connecting the damper and the hydraulic pump.

Further, the pressure sensor may be installed in each cell of
the mattress.

The apparatus may further include a controller that
receives a value of the pressure measured by the pressure
sensor and controls an operation of the hydraulic pump
according to the received pressure value. The controller may
control an operation of the valve.

Further, the valve may include a solenoid valve that is
opened/closed by initial drive voltage and that is kept opened/
closed by sustain voltage lower than the initial drive voltage.

In addition, the apparatus may further include a display
unit that causes the pressure of the fluid, which is adjusted for
each cell of the mattress so as to be suitable for the user, to be
recognized by the user. The display unit may enable the user
to select a bed in which the pressure of each cell is adjusted so
as to be fitted to physical characteristics of the user.

According to the method and apparatus for adjusting the
pressure of a mattress as described above, internal pressure
before a user lies on a mattress having at least two cells, each
of which has an inner space filled with fluid and internal
pressure after the user lies on the mattress are measured, and
partial pressure suitable for the user is determined based on a
change in the pressure, so that the user’s satisfaction can
increase.

Further, partial pressure suitable for each body part is
obtained so as to be suitable for the user, and the user gets
some help to select a bed proper to the user based on the
partial pressure. As such, the user’s satisfaction can increase.

Further, a feedback pressure adjusting process of addition-
ally adjusting pressure after partial pressure of a mattress
which is suitable for the user is adjusted, is performed so that
the user’s satisfaction can increase.

In addition, adjusted pressure of each zone of a mattress is
adjusted according to characteristics of a pillow top placed on
the mattress, so that the user’s satisfaction can increase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an apparatus for
adjusting the pressure of a mattress which is an exemplary
embodiment of the present invention.
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FIG. 2 is a schematic view showing a state of an apparatus
for adjusting the pressure of a mattress which is a first
embodiment of the present invention.

FIG. 3 is a schematic view showing a state of an apparatus
for adjusting the pressure of a mattress which is a second
embodiment of the present invention.

FIG. 4 is a cross-sectional view showing the apparatus for
adjusting the pressure of a mattress shown in FIG. 3.

FIG. 5 is a view showing a state before a user lies on a
mattress.

FIG. 6 is a view showing a state when the user lies on the
mattress.

FIG. 7 is a graph showing a change in pressure of the
mattress.

FIG. 8 is a flow chart showing a method for adjusting the
pressure of a mattress in process sequence.

FIG. 9 is a view showing a state of an apparatus for adjust-
ing the pressure of a mattress which is a third embodiment of
the present invention.

FIG. 10 is a flow chart showing a method for adjusting the
pressure of a mattress used for the apparatus shown in FIG. 9
in process sequence.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, a method and apparatus for adjusting the pres-
sure of a mattress, which are exemplary embodiments of the
present invention, will be described in detail with reference to
the accompanying drawings.

FIG. 1 is a perspective view showing an apparatus for
adjusting the pressure of a mattress which is an exemplary
embodiment of the present invention. FIG. 2 is a schematic
view showing a state of an apparatus for adjusting the pres-
sure of a mattress which is a first embodiment of the present
invention. FIG. 3 is a schematic view showing a state of an
apparatus for adjusting the pressure of a mattress which is a
second embodiment of the present invention. FIG. 4 is a
cross-sectional view showing the apparatus shown in FIG. 3.
FIG. 5 is a view showing a state before a user lies on a
mattress. FIG. 6 is a view showing a state when the user lies
on the mattress. FIG. 7 is a graph showing a change in pres-
sure of the mattress. FIG. 8 is a flow chart showing a method
for adjusting the pressure of a mattress in process sequence.
As shown, an apparatus for adjusting the pressure of a mat-
tress which is an exemplary embodiment of the present inven-
tion includes a mattress 10 having at least two cells 11, each
of which forms a closed space filled with fluid, a hydraulic
pump 40 supplying the fluid to the mattress 10, a valve 22
controlling the fluid supplied to each cell 11, a pressure sensor
23 detecting pressure of the fluid filled in each cell 11, a
damper 30 in which the fluid supplied by the hydraulic pump
40 is stored under high pressure, a connecting pipe 20 con-
necting each cell 11 and each valve 22, and a feed pipe 21
connecting the valves 22 and the hydraulic pump 40. The
valves 22 are installed so as to be connected to the connecting
pipes 20 connected to the cells 11 installed in zones, respec-
tively.

The cells 11 are made up of a plurality of air pockets 11a
forming separate closed inner spaces and connecting pas-
sages 115 connecting the air pockets 11a.

The pressure sensors 23 are connected to the damper 30.
Preferably, the damper 30 is connected between the valves 22
and the hydraulic pump 40, and is connected to the pressure
sensors 23. Alternatively, the pressure sensors 23 may be
configured so as to be mounted in the respective cells 11
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without being connected to the damper 30. Here, each pres-
sure sensor 23 detects pressure of the fluid filled in each cell
11.

Further, the apparatus includes a controller 50 that receives
a pressure value measured by each pressure sensor 23 and
controls an operation of the hydraulic pump 40 based on the
pressure value. Further, the controller 50 controls an opera-
tion of each valve 22 to adjust an amount of the fluid supplied
to each cell 11.

Each valve 22 may employ one of flow control valves, each
of which controls a flow rate. Each valve 22 preferably
employs a solenoid valve that can be opened/closed by initial
drive voltage and that can be kept opened/closed by sustain-
ing voltage lower than the initial drive voltage.

As shown in FIG. 2, the mattress 10 may include a typical
spring mattress or a mattress formed of a cushion material,
and have a structure in which the cell 11 is formed in two or
more zones thereof. Here, each cell 11 preferably supports
one of the shoulders and buttocks of a user.

As shown in FIG. 3, the mattress 10 may be formed in a
structure in which a plurality of cells 11 are provided in
respective zones (Zonel to Zone5). The number of zones is
not limited to five as shown, but may be at least two according
to a taste of the user.

As shown in FIG. 3, the cells 11 are arranged such that
Zonel located at one end of the mattress supports the head of
the user, Zonel located at the other end of the mattress sup-
ports the feet of the user, Zone2 supports the shoulders of the
user, Zone3 supports the waist of the user, Zoned4 supports the
buttocks of the user, and Zone5 supports the legs of the user.
The number of cells 11 arranged for the zones can be adjusted.

A method for adjusting the pressure of a mattress carried
out in the first or second embodiment of the present invention
which is configured as described above will be described
below.

As shown in FIG. 8, a method for adjusting the pressure of
a mattress includes a first process S1, a second process S2, an
average pressure adjusting process S3, a partial pressure
adjusting process S4, and a feedback pressure adjusting pro-
cess S5 which are sequentially carried out.

As shown in FIG. 5, the first process S1 is a process of
measuring internal pressure in a state in which a user does not
lie on the cells 11 filled with fluid. Here, all the valves 22 are
kept closed. In a state in which the cells 11 are closed, pres-
surein each cell 11 is measured. When the pressure sensors 23
are mounted in the respective cells 11, a method of operating
the pressure sensors 23 to measure the pressures in the cells
11 in the state in which the valves 22 are closed is used.

When the pressure sensors 23 are only connected to the
damper 30, the valves 22 are operated to measure the pres-
sures in the cells 11 so that connecting pipes 20 connected to
the cells 11 can be sequentially connected to the pressure
sensors 23, and then are closed.

The pressures measured for the respective zones in the first
process S1 are the same internal pressures as shown in the
graph.

Next, as shown in FIG. 6, the second process S2 is a process
of measuring the internal pressure of each cell 11 in a state in
which a user lies on the mattress 10. Here, the valves 22
installed on the respective connecting pipes 20 are all kept
closed. Further, when the pressure sensors 23 are mounted in
the respective cells 11, method of operating the pressure
sensors 23 to measure the pressures in the cells 11 in the state
in which the valves 22 are closed is used. When one pressure
sensor 23 is installed, the valves 22 connected to the respec-
tive zones are sequentially opened one by one. When pressure
of each zone is transmitted to the pressure sensor 23 via the

20

35

40

45

55

8

feed pipe 21 and the damper 30, the pressure is measured.
Then, the valve 22 of the opened zone is closed, and then the
valve 22 connected to the next zone is opened. In this way, the
internal pressures Pz1, P72, P73, Pz4, and Pz5 of all the zones
are measured.

When the internal pressures of the respective cells 11 are
all measured in the state in which the user lies, the valves 22
are kept closed.

Next, as shown in FIG. 7, in the average pressure adjusting
process S3, a pressure variation AP caused by a difference
between the internal pressure measured for each cell 11 in the
first process S1 and the internal pressure measured for each
cell 11 in the second process S2 can be obtained. Two meth-
ods of obtaining an average pressure variation APave based
on the pressure variation AP of each zone are as follows.

In the first method, in a state in which the cells 11 installed
in the respective zones are all closed, the user lies on the
mattress 10, and the pressures are measured in the zones in
which the cells 11 are installed. All the measured pressures
are added, and are divided by the number of zones in which
the cells 11 are installed. As shown in FIG. 2, if the number of
zones is two, the sum of pressures is divided by two. As shown
in FIG. 3, if the number of zones is five, the sum of pressures
is divided by five. Thereby, the average pressure variation
APave is calculated.

In the second method, in a state in which the cells 11 are
closed, internal pressures of the cells 11 before the user lies
are measured in the first process S1 In a state in which all the
valves 22 are opened to cause the cells 11 installed in the
respective zones to communicate with one another, internal
pressures of the cells 11 after the user lies are measured in the
second process S2. The sum of the pressures measured in the
first process S1 is subtracted from the sum of the pressures
measured in the second process S2. Thereby, the average
pressure variation APave is calculated. The second method is
preferably used. This results from the structure of the mattress
in which the plurality of air pockets 11a for the cells 11 are
interconnected by the connecting passages 115. Each air
pocket 11a has a repulsive force against pressure applied by
weight of a user according to its own elastic force or material
characteristics. Further, in the plurality of air pockets 11a
connected by the narrow connecting passages 114, there is a
possibility of a minute pressure difference occurring between
the air pocket that comes into contact with the user and the air
pocket that does not come into contact with the user. In
consideration of the repulsive force difference and the pres-
sure difference among the air pockets 11a, the overall pres-
sure variations are preferably measured in the state in which
all the cells 11 communicate with one another. Further, it can
be found from several tests that it is preferable to calculate the
average pressure variation APave using the second method in
order to calculate an actual weight of the user.

The calculated average pressure variation APave can be
obtained from Equation 1 below.

W=A+B*APave+C*Cos(D*APave-E) (Equation 1)

This equation is to derive a solution using a program of
Cornell University in the United States in which a genetic
algorithm is applied to find an optimization function of data.
In Equation 1, A has a value ranging from 1 to 3, Bhas a value
ranging from 300 to 600, C has a value ranging from 1 to 4, D
has a value ranging from 400 to 600, and E has a value ranging
from 1.00 to 4.00, and preferably A=2, B=500, C=2, D=500,
and E=2.

When the weight W of the user is calculated, a firmness
level FL is obtained from the weight W. The firmness level FL.
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is a numerical value obtained from the weight of the user, and
allows the user to know a pressure value corresponding to
his/her own weight.
The firmness level FL can be obtained from Equation 2
below.

FL=F*W+10.0 (Equation 2)

Here, F has a value ranging from 0.1 to 1.0, and preferably
0.5. Further, when the weight is less than 40 kg, the firmness
level FL is limited to 30. When the weight is more than 120
kg, the firmness level FL is limited to 70. That is, the weight
that can be converted through Equation 2 ranges from 40 Kg
to 120 kg.

As such, the average pressure adjusting process is com-
pleted.

Next, the partial pressure adjusting process S4 begins.

Adjusted pressure of the cell 11 supporting the shoulders of
the user is obtained by additionally adding a shoulder partial
pressure characteristic value APz21 to the value of the firm-
ness level FL. The adjusted pressure of the cell 11 supporting
the buttocks of the user is obtained by adding a buttock partial
pressure characteristic value APz4 to the value of the firmness
level FL.

Here, classes are divided according to a category in which
a numerical value obtained by subtracting both the pressure
value before the user lies and the average pressure variation
APave from the value of the internal pressure Pz2 of the cell
11 supporting the shoulders of the user is included, and the
shoulder partial pressure characteristic value APz2 is deter-
mined by the numerical value of the corresponding class.
Likewise, classes are divided according to a category in
which a numerical value obtained by subtracting both the
pressure value before the user lies and the average pressure
variation APave from the value of the internal pressure Pz4 of
the cell 11 supporting the buttocks of the user is included, and
the buttock partial pressure characteristic value APz4 is deter-
mined by the numerical value of the corresponding class.

Here, a reference value is obtained by multiplying the
numerical value, which is obtained by subtracting both the
pressure value before the user lies and the average pressure
variation APave from the value of the internal pressure Pz of
the cell 11 supporting the shoulders or the buttocks, by 50.
When the reference value is included in arange of O to 1.5, the
class is expressed as “a.” Further, the classes are divided by
adding 3 to the reference value. That is, when the reference
value is included in a range of 1.5 to 4.5, the class is expressed
as “b.” When the reference value is included in a range ot 4.5
to 7.5, the class is expressed as “‘c.” When the reference value
is included in a range of 7.5 to 10.5, the class is expressed as
“d.” When the reference value is included in a range 0of 10.5 to
13.5, the class is expressed as “e.”

The firmness level FL, the shoulder partial pressure char-
acteristic value APz2, and the buttock partial pressure char-
acteristic value APz4, which are obtained in this process, are
sequentially expressed and converted into a code.

For example, this code may be expressed as “47bc,” where
“47” indicates the value of the firmness level FL, “b” indi-
cates the shoulder partial pressure characteristic value APz2,
and “c” indicates the buttock partial pressure characteristic
value APz4.

As shown in FIG. 3, when the zones supporting the head,
the waist, the legs, and the feet are added to the zones sup-
porting the shoulders and the buttocks, each zone is adjusted
in the following method. The zone supporting the feet is
typically set to the same value as the zone supporting the
head.
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First, a value of adjusted pressure for the waist uses the
value of the firmness level FL as it is.

Next, adjusted pressure for the head or the feet is calculated
using Equation 3 below.

Adjusted Pressure for Head or Feet

=FL-(APz2+APz4)*(V1/(V1+V5)) (Equation 3)

Next, adjusted pressure for the legs is calculated using Equa-
tion 4 below.
Adjusted Pressure for Legs

=FL-(APZ2+APzA)*(V5/(V1+V5))

Here, FL is the value of the firmness level, APz2 is the
shoulder partial pressure characteristic value, APz4 is the
buttock partial pressure characteristic value, V1 is the internal
volume of the cell supporting the head or the feet, and V5 is
the internal volume of the cell supporting the legs.

After the partial pressure adjusting process S4 is completed
as described above, the pressure may be additionally
adjusted. That is, when a pillow top is placed on the mattress
10, a numerical value M may be added or subtracted accord-
ing to characteristics of the placed pillow top. In other words,
as a thickness of the pillow top increases, the adjusted pres-
sures for the waist, the head or the feet, and the legs which are
set in the partial pressure adjusting process S4 are preferably
reduced.

The feedback pressure adjusting process S5 can adjust the
pressure in the two methods below.

In the first method, the overall pressures of the cells 11 of
the zones are adjusted en bloc in the state in which the user lies
on the mattress 10. That is, if the user wants a slightly softer
feeling, the overall pressure of the cells 11 is reduced up to the
moment the user feels satisfaction. If the user wants a slightly
firmer feeling, the overall pressure of the cells 11 is gradually
increased up to the moment the user feels satisfaction.

Inthe second method, the pressures of the cells 11 installed
in the zones supporting the shoulders and the buttocks of the
user are adjusted separately or together in the state in which
the user lies on the mattress 10. That is, if the user wants a
slightly softer feeling, the pressures of the cells 11 are gradu-
ally reduced up to the moment the user feels satisfaction. If
the user wants a slightly firmer feeling, the pressures of the
cells 11 are gradually increased up to the moment the user
feels satisfaction.

The feedback pressure adjusting process S5 is preferably
performed to recognize a voice signal of the user. That is, the
pressure is adjusted in response to the voice signal of the user
who says “firm” or “soft” in the state in which the user lies on
the mattress 10.

FIG. 9 is a view showing a state of an apparatus for adjust-
ing the pressure of a mattress which is a third embodiment of
the present invention. FIG. 10 is a flow chart showing a
method for adjusting the pressure of a mattress used for the
apparatus shown in FIG. 9 in process sequence. An apparatus
for adjusting the pressure of a mattress which is a third
embodiment of the present invention includes a main body 60
in which a mattress 10 is installed, a display unit 61 installed
on a ceiling of the main body 60 so as to enable a user to look
at a screen in a state in which the user lies on the mattress 10,
an input unit 62 installed at one side of the main body 60 so as
to enable the user to input his/her own characteristics (height,
age, weight, sex, etc.), a control unit 63 provided at one inner
side of the main body 60, and a microphone 64 recognizing a
voice signal of the user. The display unit 61 may be installed
on an inner or outer sidewall of the main body 60 in addition
to the ceiling of the main body 60. The display unit 61
installed on the inner or outer sidewall may function as a

(Equation 4)
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touch pad that is an input means for inputting the physical
characteristics of the user in advance.

In addition, a hydraulic pump 40, valves 22, pressure sen-
sors 23, a damper 30, connecting pipes 20, and cells 11 of
respective zones constituting the mattress have the same con-
figuration as in the first and second embodiment of the present
invention.

The apparatus for adjusting the pressure of a mattress as
configured in this way is an apparatus that can provide a
mattress suitable for a user. To this end, the aforementioned
processes, i.e. the first process S1, the second process S2, the
average pressure adjusting process S3, the partial pressure
adjusting process S4, and the feedback pressure adjusting
process S5 are performed, and then a bed adjustment comple-
tion and bed adjusting value guiding process S6 of complet-
ing bed adjustment of the mattress 10 having the bearing
pressure per zone suitable for the user, or guiding bed adjust-
ing values is additionally performed.

In the bed adjustment completion and bed adjusting value
guiding process S6, the partially adjusted pressures of the
head, the shoulders, the waist, the buttocks, the legs, and the
feet, which are acquired in the feedback pressure adjusting
process S5, are displayed by the display unit 61. This can help
the user recognize the pressures to select a bed suitable for
him/her.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:

1. A method of adjusting air pressure of a mattress, the
method comprising:

providing a mattress comprising:

a mattress body comprising a plurality of air compart-
ments, which comprises a first air compartment and a
second air compartment,

at least one air pressure sensor configured to detect air
pressure within the first and second air compartments,
and

an air pump configured to supply air pressure to the
plurality of air compartments;

obtaining an unloaded air pressure for each of the plurality

of air compartments,using the at least one sensor, when

no load is placed on the mattress, the first air compart-

ment having a first unloaded air pressure. the second air

compartment having a second unloaded air pressure;
obtaining a loaded air pressure for each of the plurality of

air compartments, using the at least one sensor, when a

user is on the mattress,, the first air compartment having

a first loaded air pressure, the second air compartment

having a second loaded air pressure;

obtaining an average air pressure difference between the

unloaded air pressures and the loaded air pressures of the

plurality of air compartments;

determining a first characteristic value for the first air com-

partment based on the first loaded air pressure, the first

unloaded air pressure, and the average air pressure dif-
ference such that the first characteristic value represents
adifferential between the average air pressure difference
and a first air pressure difference, wherein the first air
pressure difference is a difference between the first
loaded air3 pressure and the first unloaded air pressure;

setting a first target air pressure or a first air pressure
adjustment for the first air compartment based on the
first characteristic value;
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determining a second characteristic value for the second air
compartment based on the second loaded air pressure,
the second unloaded air pressure, and the average air
pressure difference such that the second characteristic
value represents a differential between the average air
pressure difference and a second air pressure difference,
wherein the second air pressure difference is a difference
between the second loaded air pressure and the second
unloaded air pressure;
setting a second target air pressure or a second air pressure
adjustment for the second air compartment based on the
second characteristic value;
adjusting air pressure, using the pump, of the first air com-
partment based on the first target air pressure or the first
air pressure adjustment; and
adjusting, air pressure using the pump, of the second air
compartment based on the second target air pressure or
the second air pressure adjustment.
2. The method of claim 1, further comprising computing a
firmness value representing an overall firmness level of the
mattress body based on the average air pressure difference,
wherein the first target air pressure is set based on the firmness
value and the first characteristic value, wherein the second
target air pressure is set based on the firmness value and the
second characteristic value.
3. The method of claim 2, wherein the mattress comprises:
a plurality of conduits connected to the plurality of air
compartments and comprising a first conduit and a sec-
ond conduit, the first conduit being in fluid communica-
tion with the first air compartment, the second conduit
being in fluid communication with the second air com-
partment, and
a valve system comprising a plurality of valve ports con-
nected to the plurality of conduits and comprising a first
valve port and a second valve port, the first valve port
being connected to the first conduit, the second valve
port being connected to the second conduit,
wherein the method further comprises:
operating the valve system such that the plurality of
compartments that are in fluid communication with
each other; and

obtaining an overall air pressure of the plurality of com-
partments that are in fluid communication with each
other when the user is on the mattress, wherein the
firmness value is determined using the overall air
pressure.

4. The method of claim 1, wherein the first air compartment
is located under a first predetermined surface area of the
mattress that is designated for supporting the user’s butt or
shoulder.

5. The method of claim 1, wherein the first target air pres-
sure is determined further based on a volume of the first
compartment.

6. The method of claim 1, wherein the first air compartment
is located under a first predetermined surface area of the
mattress that is designated for supporting the user’s leg or
head, wherein the second air compartment is located under a
second predetermined surface area of the mattress that is
designated for supporting the user’s shoulder or butt.

7. A mattress comprising:

a mattress body comprising a plurality of air compart-
ments, which comprises a first air compartment and a
second air compartment,

at least one air pressure sensor configured to detect air
pressure within the first and second air compartments,
and
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an air pump configured to supply air pressure to the plu-
rality of air compartments;

a controller programmed to run an air pressure adjustment
mode for the mattress, wherein when the air pressure
adjustment mode is initiated, the controller is configured
to control the air pump and the at least one air pressure
sensor:

to obtain unloaded air pressure for each of the plurality of
air compartments, the first air compartment having a first
unloaded pressure, the second air compartment having a
second unloaded pressure;

to obtain loaded air pressure for each of the plurality of air
compartments, the first air compartment having a first
loaded air pressure and the second air compartment hav-
ing a second loaded pressure;

to obtain an average air pressure difference between the
unloaded air pressures and the loaded air pressures of the
plurality of air compartments;

to determine a first characteristic value for the first air
compartment based on the first loaded air pressure, the
first unloaded air pressure, and the average air pressure
difference, such that the first characteristic value repre-
sents a differential between the average air pressure
difference and a first air pressure difference wherein the
first air pressure difference is a difference between the
first loaded air pressure and the first unloaded air pres-
sure;

to set a first target air pressure or a first air pressure adjust-
ment for the first air compartment based on the first
characteristic value;

to determine a second characteristic value for the second
air compartment based on the second loaded air pres-
sure, the second unloaded air pressure, and the average
air pressure difference, such that the second character-
istic value represents a differential between the average
air pressure difference and a second air pressure differ-
ence wherein the second pressure difference is a differ-
ence between the second loaded air pressure and the
second unloaded air pressure;

to set a second target air pressure or a second air pressure
adjustment for the second air compartment based on the
second characteristic value;

to adjust air pressure of the first air compartment based on
the first target air pressure or the first air pressure adjust-
ment; and

to adjust air pressure of the second air compartment based
on the second target air pressure or the second air pres-
sure adjustment.

8. The mattress of claim 7, further comprising:

a plurality of conduits connected to the plurality of air
compartments and comprising a first conduit and a sec-
ond conduit, the first conduit being in fluid communica-
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tion with the first air compartment, the second conduit
being in fluid communication with the second air com-
partment;

a valve system comprising a plurality of valve ports con-
nected to the plurality of conduits and comprising a first
valve port and a second valve port, the first valve port
being connected to the first conduit, the second valve
port being connected to the second conduit; and

the controller configured to control the air pump and fur-
ther configured to control the valve system such that the
first valve port is turned open to supply air pressure from
the air pump to the first air compartment through the first
conduit while the second valve port is closed and further
such that the second valve port is turned open to supply
air pressure from the air pump to the second air com-
partment through the second conduit while the first valve
port is closed, whereby air pressure within the first air
compartment is adjusted differently from the air pres-
sure within the second air compartment.

9. The mattress of claim 8, wherein the controller is con-
figured to control the air pump, the valve system and the at
least one air pressure sensor such that the plurality of com-
partments are in fluid communication with each other, and
further such that the at least one air pressure sensor obtains an
overall air pressure of the plurality of compartments that are
in fluid communication with each other when the user was on
the mattress, wherein a firmness value is determined using the
overall air pressure.

10. The mattress of claim 9, wherein the firmness value is
determined using the weight of the user.

11. The mattress of claim 7, wherein the controller is con-
figured to compute a firmness value representing an overall
firmness level of the mattress body based on the average air
pressure difference, wherein the first target air pressure is set
based on the firmness value and the first characteristic value,
wherein the second target air pressure is set based on the
firmness, value and the second characteristic value.

12. The mattress of claim 7, wherein the first air compart-
ment is located under a first predetermined surface area of the
mattress that is designated for supporting the user’s butt or
shoulder.

13. The mattress of Claim 7, wherein the first target air
pressure is determined further based on a volume of the first
compartment.

14. The mattress of claim 7, wherein the first air compart-
ment is located under a first predetermined surface area of the
mattress that is designated for supporting the user’s leg or
head, wherein the second air compartment is located under a
second predetermined surface area of the mattress that is
designated for supporting the user’s shoulder or butt.

15. The mattress of Claim 7, wherein the valve system
comprises a plurality of valves, each of which comprises one
of the pluralfity of valve ports.
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